Series of clay-containing nanocomposites have been prepared and investigated using frequency-domain dielectric spectroscopy at different temperatures. Different matrix materials have been used: neat low-density polyethylene (LDPE) with and without compatibilizer and co-continuous blends of LDPE with two grades of polystyrene-b-poly(ethylene-co-butylene)-b-polystyrene (SEBS) copolymers. Two major relaxation modes were detected in the dielectric losses of all the nanocomposites and associated with Maxwell-Wagner-Sillars interfacial polarization and dipolar relaxation, respectively. Characteristic relaxation rates, activation energies, dielectric strength, and shape parameters of these relaxation mechanismes were calculated and discussed for the LDPE/clay nanocomposites. The addition of compatibilizer was found to slightly increase the dielectric loss of the nanocomposites while slowing the dynamics due to an improved dispersion. When combined with a high loading of nanofiller (15%), the compatibilizer addition led to lowfrequency dispersion. A new relaxation process was then observed for the nanocomposites with the blend matrix. Several speculations were made as to the origin of this phenomenon, all of which were related to the SEBS phase. POLYM. ENG. SCI., 00:000-000, 2020.
INTRODUCTION
In recent decades, progress has been made in the field of advanced dielectric and electrical insulating materials using polymer blends, the inclusion of nanosize fillers or both. Polymerbased nanocomposites are materials of interest for potential applications that can be satisfied through active designs by adding a small amount of nanofiller, mostly inorganic, into conventional polymers. They are mostly characterized by their internally formed interface between nanofillers and the polymeric matrix which, when properly controlled, can lead to significantly improved performance compared with neat polymers [1] . Polymer/layered silicate (clay) nanocomposites have attracted a great deal of interest, both industrially and academically, over the past two decades. Clay contains a large number of silicate layers and they can easily be intercalated/exfoliated with various polymers. Clay is cheap, has a relatively high aspect ratio, and can be organically modified to enhance its compatibility with the organic compound when embedded in nonpolar polymers such as polyethylene [2, 3] . Despite all these efforts, not much work has been conducted regarding the dielectric behavior of clay-containing polymer nanocomposites, despite the fact that this subclass of nanodielectrics is believed to have great potential for various electrical applications [4, 5] . For insulation purposes, polyethylene is a material of choice. Indeed, polyethylene shows high dielectric breakdown strength, very low dielectric loss, and the ability to be easily processed and recycled (when uncrosslinked) [6, 7] . The main challenge in fabricating claycontaining polyethylene is the incompatibility between the nonpolar/hydrophobic polymer matrix and the hydrophilic nanofiller [8] . To achieve an exfoliated state of the clay tactoïds, that is the dispersion of individual clay platelets into the polyolefin matrix, often the nanoclay undergoes a surface treatment using an organic modifier to have an extended basal spacing and increased hydrophilicity [9] [10] [11] , and/or an external material is used as a compatibilizer to link the nanofiller and the matrix [12] [13] [14] .
Taking a step forward, the idea of incorporating a secondary polymer as compatibilizer to facilitate the interaction/dispersion of nanofiller in the base polymer [15] [16] [17] , or forming a polymer blend matrix as a nanostructured template to effectively host the nanofiller [18] [19] [20] [21] have been examined recently especially in the context of HV applications. Blends of thermoplastic elastomers with polyolefins have also been investigated recently. In particular, polystyrene-b-poly(ethylene-co-butylene)-b-polystyrene (SEBS) and polystyrene-b-poly (ethylene-co-butylene)-b-polystyrene-grafted maleic anhydride (SEBS-MA) thermoplastic elastomers have been shown to have enhanced electrical properties in the form nanocomposite when used solely as the base polymer [22, 23] or in conjunction with another polymer forming a blend [24] . Because of the combination of the soft elastomer phase and a hard polystyrene phase, their spatial organization can modify the morphology of the blend and selectively accommodate the chosen nanofiller. In fact, in the authors' previous work [25] , it was shown that the greater affinity of clay nanoparticles to the block copolymer resulted in a partial migration of nanofiller out of polyolefin phase to the interface and the SEBS phase, obstructing the coalescence phenomena and shrinking the polymer domains into smaller sizes. This enabled the blend matrix to form a strong network with clay and improved the electrical properties.
Here, further investigation is reported on the evaluation of the dielectric relaxation phenomena of the same sets of materials. Frequency-domain broadband dielectric spectroscopy (BDS) was used as the main technique to explore the dielectric properties. It allows the study of relaxation mechanisms, through the motion of dipoles under the action of an electric field, as well as the monitoring of charge carrier fluctuations and the direct conductivity [26] . For nanocomposites, the investigation of the broadband dielectric response can also provide valuable information regarding polymer/nanoparticle interactions, material's morphology, and distribution of nanoreinforcements.
EXPERIMENTAL

Materials and Processing
A commercially available premixed LDPE/Clay masterbatch was used as the source of nanofiller (Nanocore, nanoMax ® -LDPE). The masterbatch contained 50 wt% of organo-modified montmorillonite. Low-density polyethylene (LDPE) was used to dilute the masterbatch to prepare granules of nanocomposites with different concentrations of clay. LDPE in powder form was supplied by Marplex with a density of 0.922 g/cm 3 and MFI of 0.9 g/10 min (190 C/2.16 kg). Maleic anhydride-grafted linear low-density polyethylene (LLDPE-g-MA) was supplied from DuPont (Fusabond M603) with a density of 0.940 g/cm 3 and MFI of 25 g/min (190 C/2.16 kg). It has been used as a compatibilizer and is being referred to as "MA" in this article.
A co-rotating twin-screw extruder was used to prepare two series of nanocomposites, with and without 5 wt% of compatibilizer (MA), by means of melt compounding with the concentration of clay being set as 1, 2.5, 5, 10, and 15% where LDPE powder and masterbatch granules were directly fed. The same procedure was used to prepare blends and nanocomposites of LDPE with two grades of polystyrene-b-poly(ethylene-cobutylene)-b-polystyrene (SEBS) thermoplastic elastomer supplied from Kraton: G1652 and FG1901. The former with an MFI of 5 (230 C/2.16 kg) based on ASTM D1238 (as declared by the supplier) is referred to as SEBS in this article. The latter with an MFI of 22, contains 1.4-2 wt% of maleic anhydride (MA) is referred to as SEBS-MA. Both grades contain 30 wt% fractions of polystyrene (PS) block in their structure and have a density of 0.91 g/cm 3 .
All materials were dried in a vacuum oven at 50 C for at least 36 h and manually pre-mixed prior to extrusion. The temperature profile of extruder was set to 145-170 C from hopper to die. The pellets obtained were then compression molded using an electrically heated hydraulic press into thin plates with thickness around 300 μm. The pellets were first preheated for 5 min and then hotpressed at 155 C (165 C for blends) for another 5 min under the pressure of 10 MPa following a water-cooling period with a rate of 10 C per minute to the ambient temperature. Nanocomposites are named as LDPE/nC, with "n" referring the nominal percentage of incorporated clay. In case of blends the mass fractions of the two phases are set equal, 47.5 wt% for each phase when 5% of clay has been used (i.e., LDPE/SEBS/5C).
Measurements and Characterization
Thermogravimetric analysis has been conducted on some samples using a PYRIS Diamond TG-DTA. Samples were heated from 50 C to 600 C with a heating rate of 15 C/min under a nitrogen atmosphere to investigate the thermal degradation of blends and nanocomposites and reveal the real weight percentage of nanofiller.
Dielectric relaxation spectroscopy experiments have been conducted on all the available samples using a Novocontrol broadband dielectric spectrometer in the frequency range of 10 −1 to 10 6 Hz. Samples with an average thickness of 300 μm were sandwiched between two solid brass electrodes in a parallel-plate geometry (40 mm of diameter) while placed in a temperaturecontrolled chamber with a stability of 0.5 C. The applied excitation voltage was set to 1 V rms . A wide range of temperature was chosen to produce an isothermal series of complex dielectric permittivity from 20 C to 90 C. All samples were dried at 50 C in a vacuum oven for at least 24 h.
Fitting Procedure
Among all the well-known and widely applied relaxation functions to predict the dielectric properties (Debye [27] , Cole-Cole [28] , Davidson-Cole [29] , and Havriliak-Negami [30] ), the empirical Havriliak-Negami (HN) function is the most effective due to its ability to model a broad and asymmetric distribution of relaxation times. Complex dielectric permittivity can be well described by a combination of the HN function and a conductivity term, as shown as follows:
where ω is angular frequency,ε is the complex dielectric permittivity, ϵ 0 is the real part of the complex dielectric permittivity, also known as the dielectric constant, which represents the stored energy; ϵ" is the imaginary part, or dielectric loss, related to the dissipated energy; N is the exponential factor which usually lies between 0 and 1; τ k specifies the relaxation time corresponding to the relaxation process k; ϵ ∞k is the value of ϵ 0 at infinite frequencies; Δϵ gives the difference in ϵ 0 at very low and infinite frequencies, and is also proportional to the area below the ϵ" relaxation peak; β k and α k are the asymmetry and the width parameters, respectively (−α k β k gives the slope of the high-frequency side of the relaxation in ϵ").
Fitting was done using commercially available software by means of nonlinear computation procedures. The measured experimental dielectric spectra, both real and imaginary parts, were considered for fitting. At each step, fitting continued until being stable. The stability was determined by the mean square deviation (MSD), which was calculated by the software at any time during the fitting process. Reaching an MSD value lower than 10 −4 was set as the minimum limit below which the fit is considered stable. Nonetheless, at least three iterations were done at each step.
The relaxation time corresponding to the peak maximum frequency at each temperature was determined from the HN fit using the following equation:
where τ max is the relaxation time of the peak maximum frequency; τ HN is the calculated relaxation time from Eq. 1 and, α and β are the width and asymmetry parameters obtained from Eq. 1.
The temperature dependence of the relaxation rate (reciprocal of relaxation time) can be well described when plotted against the inverse temperature by Arrhenius equation:
where f 0 is the pre-exponential factor, k B is the Boltzmann constant, and E A is the corresponding activation energy of the relaxation process.
RESULTS AND DISCUSSION
Thermal Properties
TGA measurements have been conducted on neat LDPE, its blend (LDPE/SEBS), nanocomposites (LDPE/1C, LDPE/5C, LDPE/15C, and LDPE/SEBS/5C) and the source masterbatch. Figure 1 illustrates some of the TGA curves (the rest of the curves are omitted due to the similarity in the trend). Full thermal degradation parameters are listed in Table 1 . As can be seen, the initial degradation temperature of nanocomposites is much higher than that of neat LDPE and the blend. This trend continues to the end of the measurement indicating that the addition of clay adds to the thermal stability of the base polymer. This improvement in thermal stability is due to the intercalated/exfoliated structure of clay within the polymer which enhances the barrier properties against gas diffusion and prolongs the decomposition of the material. The decomposition temperature at 10 wt% and 50 wt% of the nanocomposite sample containing 5 wt% of the compatibilizer (LDPE/MA/5C) is further increased compared to the binary nanocomposite. The possible explanation is the role of MA to improve the degree of dispersion of the clay in the LDPE matrix as it was shown by its broadened XRD pattern [25] .
The source LDPE/Clay masterbatch contains 50 wt% modified nanoclay. Since its actual ash content is 31 wt%, the other 19 wt% corresponds to the organic modifier which is in good agreement with characteristics of modified organoclays. The inorganic residues for nanocomposites are lower than the assigned loading numbers. There is also a slight increase in the ash content of the blend comparing to the neat LDPE, which is probably due to SEBS having more impurities.
Low-Field Dielectric Response
The isothermal curves of the real and the imaginary part of the complex dielectric permittivity of LDPE are plotted versus frequency for temperature ranging from 20 to 90 C in Fig. 2 . Nonpolar, low loss-materials like PE are characterized by nearly frequency-independent losses over several decades, typically between sub-audio and microwaves frequencies, where the dielectric losses reach very low values, in the vicinity of 10 −4 , and does not vary by more than one or two decades for the whole measurable frequency range. A very good text describing such behavior can be found in Ref. [31] . Figure 2 illustrates, for the temperature range from 20 to 90 C, the typical spectrum of the real and imaginary parts of the relative permittivity of LDPE. The dielectric losses stay very low for the whole frequency range, often lower than the sensitivity of the measurement equipment, which led to negative values for the intermediate frequency range (not plotted in the log-log graph). The real part of the dielectric constant is frequency independent and its value decreases with temperature as predicted by the Clausius-Mossotti equation. No relaxation process is observable in either part.
In order to clearly observe the effect of temperature on the relaxation processes of nanocomposites, isothermal plots of dielectric loss for LDPE/nC samples are depicted in Fig. 3 . The dielectric behavior of the neat polymer is strongly affected by the presence of nanofillers. One can notice a broad interfacial relaxation peak at low frequencies moving toward higher frequencies as the temperature goes up from 20 to 90 C showing a thermally activated behavior. This is expected since the ionic conductivity along with clay platelets increases with temperature, therefore results in decreasing the relaxation times [32, 33] . The dielectric loss levels are approximately two to three orders of magnitude higher compared to those of neat LDPE at each temperature. A double peaks structure gradually develops in the nanocomposites representing two relaxation modes arising from the addition of clay nanofiller into the base polymer. This double peak structure has been previously reported for polymer/clay nanocomposites [15, 17, 34] . The first relaxation is detected at low frequency, which is most likely due to the enhanced trapping of charge carriers in the interface areas between nanofiller and the base polymer known as Maxwell-Wagner-Sillars (MWS) polarization. The driving force of this charge blockage is the conductivity difference between the two phases [35] . Mobile charges migrate under the influence of the electric field and accumulate at the interface of the nanofiller and polymer matrix and form large electric dipoles that attempt to follow the orientation of the applied field. In low frequencies, they have enough time to align themselves parallel to the field direction. When the frequency increases the time delay in the orientation results in the occurrence of a dielectric relaxation process. The second relaxation is detected at higher frequencies, which is most probably due to the orientation (dipolar) polarization associated with the polar domains of the organic intercalant present in the masterbatch that was used for surface treatment of clay layer. The weight ratio of the organic modifier to clay is calculated to be around 0.6:1 according to the TGA results in the previous section. The relaxation time for MWS polarization, on average, is around 10 4 times slower than the dipolar polarization. This indicates that the movement of trapped charge carriers in the clay phase towards the polymer/clay interface takes a much longer time than the orientation of the polar domains. No clear DC conductivity term is observable when fitting the data for this particular series of nanocomposites, which is probably due to the restriction on charge diffusion/fluctuation that is brought by the polyethyleneclay nanostructured network.
To further analyze the dielectric response, the experimental data were fitted into the Havriliak-Negami (HN) function to obtain the best-fit dielectric parameters for the observed relaxation processes.
This was combined, when necessary, with a power-law term to evaluate the contribution of charge fluctuations. Only the experimental data at 45 C and higher were considered for quantitative assessment as the two relaxation peaks are clearly discernible in this temperature window. The relaxation times corresponding to the peak maximum frequency at each temperature were calculated from HN fit using Eq. (1. Figure 4 illustrates the characteristic relaxation rates ( f max ) of the two relaxation processes for different variations of clay nanocomposites versus inverse temperature. At increasing clay concentration, the relaxation rates decrease for the MWS process. This is a common behavior for nanocomposites having nonconductive matrices where the volume fraction of the filler induces a slight increase in the relaxation time [26, 33] . Another explanation is the possible formation of bigger agglomerates with lower effective conductivity. On the other hand, the relaxation rates for dipolar polarization slightly increase with increasing the clay concentration. The resulting activation energies from fitting to the Arrhenius model (Eq. (3) are displayed on the plot. It is evident that both processes follow the Arrhenius equation. These activation energies reflect the electrostatic interaction of charge carriers within the system. The activation energies for fast polarization are higher than the ones for slow polarization and this discrepancy is more pronounced for higher loadings of clay (with the exception of LDPE/5C). This is expected as the charge carriers' motion experiences lower electrostatic barriers within the polar groups of intercalant than when diffusing between neighboring interfaces. Obeying Arrhenius plot confirms that none of the two relaxations represent the α-relaxation, the relaxation related to the molecular dynamics controlling the glass/rubber transition of the amorphous part of the polymer, that is, the segmental dynamics [36] , as it would instead follow the Vogel-Fulcher-Tammann (VFT) equation [37] .
The dielectric strength of the two relaxations, Δε L (low frequency) and Δε H (high frequency), are plotted against the reciprocal of temperature in Fig. 5 . The level of the dielectric relaxation strengths increases as the percentage of nanoclay increases, which further confirms that both relaxations are at the origin of the addition of nanofiller. The dielectric relaxation strengths are almost independent of temperature at any concentration of nanofiller, which indicates that a similar amount of dipoles are contributing to both relaxation processes, according to the Debye-Fröhlich-Kirkwood theory [38] . The increasing trend of dielectric strength with increasing temperature is mostly reported for secondary relaxations in polymeric systems where the enhanced mobility of the molecular dipoles is mainly ascribed to higher mobility of the polymer matrix or to an increase of the density of dipoles [26] .
The shape parameters of the two relaxations are depicted in Fig. 6 . The width parameter (α) represents the broadness of the relaxation curve. Higher α means the relaxation peak is narrower. For the low-frequency relaxation, α L was found to decrease when the nanofiller loading was increased. This implies that the distribution of the MWS relaxation times increases by increasing clay content. For the high-frequency relaxation, the width parameters (α H ) are very close and similar in different temperatures indicating symmetrical broadening comparable to the Debye peak and a good dispersion level of organic modifier (and hence of clay sheets and tactoids also). The asymmetry parameter for the fast polarization (β H ) is very close to unity indicating that this relaxation process can be relatively well described by a Cole-Cole distribution. However, at the highest loading of nanofiller (15%), there is a deviation from Cole-Cole distribution (β H~0 .8) which might be explained by the change in the mobility of charges related to the structural change of polymer-clay interface. The asymmetry parameter for the fast polarization (β L ) is far lower than unity for 2.5 and 5% of clay loadings. This asymmetry in the slow relaxation process (MWS) reflects a temperature-induced change in the trapping mechanism of the space charges and can also be attributed to local heterogeneities, that is, the existence of regions with exfoliated clay platelets.
Series of LDPE/clay nanocomposites samples containing 5 wt% of compatibilizer (MA) exhibit the same double-peak structure in dielectric spectra as depicted in Fig. 7 . The dynamics are very similar to the ones of the binary nanocomposites (LDPE/nC) and omitted for the sake of brevity. The level of dielectric loss is slightly higher compared to the binary nanocomposite. However, no separate dielectric relaxation can be spotted for MA compatibilizer. Similar behavior has been reported in the literature [15, 39, 40] . the polymer matrix. The role of compatibilizer is to improve the level of dispersion of clay with the help of the polar interactions between the maleic anhydride groups in the compatibilizer and the hydroxyl groups of clay as was confirmed by the broader diffraction peak in XRD patterns [25] . A similar trend has been reported previously [41] . This improvement of the dispersion level increases the interfaces of nanofiller with the polymer matrix resulting in more interfacial chain cooperativity and hence longer relaxation times. The increase of dielectric loss in low frequency might also arise from the random orientation of stacks of clay platelets that were intercalated with the help of MA [38] . The interfacial relaxation peaks being narrower compared to the binary nanocomposites suggests a somewhat narrow distribution of nanofiller.
At the highest loading of nanofiller (15%), there is a consistent increase in the level of dielectric loss towards low frequencies which completely overshadows the MWS relaxation. This is accompanied by an increase in the real part of the permittivity (not shown here). This increase in both real and imaginary parts of the permittivity is known as low-frequency dispersion. The optimum fit parameters for LDPE/MA/15C are listed in Table 2 , and an example of fitting to Eq. (1 is illustrated in Fig. 8 . The MWS relaxation process was detected only in temperatures above 60 C. In addition to the relaxation processes, the charge fluctuation term is also detected. This high level of charge carriers' contribution is a direct result of the combination of high nanofiller loading and the presence of MA compatibilizer enhancing the filler dispersion and allowing the creation of a percolating network. A similar effect has been observed in ZnO loaded SEBS and SEBS-MA [22] for which a significant contribution from the charge carrier was observed when the dispersion was enhanced. The DC conductivity exponent (the slope of the plot of imaginary permittivity versus frequency curve in log-scale) never exceeds 0.34 which is far from the ideal electronic conductivity (~1), indicating that the contribution of charge blockage at the interface of the specimen and metal electrodes (electrode polarization) is more than charge leakage through the specimen. Low-field conduction is a common phenomenon in nanocomposites where nanofillers are believed to be the source of ionic carriers increasing the conductivity [42] . The DC conductivity might also arise from impurities introduced by MA or nanofiller (i.e., the by-products of organic modification reactions). The addition of compatibilizer was certainly accompanied by some additional impurities as was observed in the TGA results.
The dielectric loss spectra of unfilled blends are reported in Fig. 9a and b. Since neither SEBS nor the maleate compatibilizer is strongly polar, they are not expected to significantly increase the dielectric losses when blended with LDPE. Indeed, the dielectric loss spectra showed in Fig. 9a and b were found to remain low, in the 10 −4 vicinity and close to the limit of the measuring device, with no specific relaxation process observable in the chosen frequency/temperature windows. No contribution from the segmental relaxation associated with the glass transitions of the constituents of the thermoplastic copolymer phase was expected as it is too slow for the polystyrene (PS) and too fast for the rubbery midblock (PEB) to occur within the frequency and temperature windows of this work. The level of dielectric loss for LDPE/ SEBS-MA blend, however, is slightly higher than that of LDPE/ SEBS, which is most likely due to the presence of the polar MA groups. The addition of 5% clay into the blend of LDPE with SEBS and SEBS-MA ( Fig. 9c and d) resulted in a similar doublepeak structure than the one that was observed previously. Comparing to the corresponding binary nanocomposite (LDPE/5C), both relaxations start to appear in lower frequencies. It is obvious that this change is a result of the interaction of clay nanofiller with the co-continuous structure of the blend matrix and the intrinsic dielectric behavior of the thermoplastic copolymer. In fact, the double-peak structure has also been observed for clay/rubbers nanocomposites [43, 44] . LDPE/SEBS/5C shows no trend of frequency dispersion at any studied temperature; however, LDPE/ SEBS-MA/5C becomes slightly conductive only at 90 C with σ 0 lower than 10 −17 S/m and an exponent of 0.48. This can be attributed to the interaction of MA with functional groups on the surface of clay particles leading to improved dispersion and slightly higher conductivity [24] .
The MWS process occurring in lower frequencies can be explained by the selective localization of nanofiller. In our previous work, it was shown that during the mixing stage, clay has the tendency to leave the polyethylene and migrate into the SEBS phase where it has more affinity towards the aromatic rings of the PS block [25] . Although a number of nanoparticles get stuck in the interface of the two polymer phases, this migration results in the intercalation of the elastomer chains in clay galleries and helps to create a more exfoliated structure by disrupting the regular stacked-layer structure of nanofiller. This improvement in the degree of clay exfoliation, similar to the effect of MA compatibilizer, results in a larger number of interfaces and less efficient restriction of chain motions, which will eventually increase the cooperativity of interfacial chains resulting in increased relaxation times [45] .
The high-frequency peak being broader and more intensified might be as a result of the overlapping of one or several relaxation processes with the dipolar relaxation. In addition to the abovementioned modes and the charge fluctuation term, a new relaxation peak was observed for both sets of blend nanocomposites in the vicinity of the high-frequency relaxation (Fig. 9e and f) . A common hypothesis to explain the origin of this new relaxation mode is the presence of an adsorbed water layer at the interface of nanofiller and the polymeric matrix. Water would constitute a conductive layer leading to an interfacial relaxation observable usually in the intermediate frequencies, which can also influence the dipolar relaxation dynamics [46] [47] [48] . The water effect, however, was shown to be negligible for several reasons: the organomodified clay is believed to have a high hydrophobicity level [49] , the polymeric constituents of the blend matrix are apolar, and there are reports that no significant impact of water was observed on dielectric properties of nanocomposites containing modified clay-based separately on polyethylene [41] and SEBS [22] .
Panaitescu et al. [50] witnessed a similar relaxation process when only 10% of SEBS was added to their clay-containing polypropylene nanocomposite. They related this new relaxation process to the local motions inside EB blocks due to the possible presence of polar groups as a result of oxidative degradation. Dielectric spectroscopy of neat SEBS done by Chen et al. [51] also revealed a similar relaxation process located between α-relaxations of PS and EB phases. They speculated that the origin of this process might be either due to the molecular motions in the interface regions of PS/EB of high thicknesses or the interfacial polarization relaxation in the interface of hard and soft domains. Another speculation is the local segmental relaxation of rubber chains with reduced mobility located at clay interface with the polymeric matrix [44, 52, 53] . The contributions of each proposed mode are unclear and further investigations are required.
The dipolar relaxation for LDPE/SEBS-MA/5C is noticeably more than LDPE/SEBS/5C. This is expected due to the great compatibility of MA to the nanofiller resulting in more pronounced intercalation of the elastomer chains in clay galleries as was confirmed by the stretched and smaller phase domain in the SEM micrographs and also the broad X-ray diffraction peak [25] . More intercalation/exfoliation also means that more organic intercalants are exposed to the blend matrix and contribute to the dipolar relaxation. Another explanation can be the possible relaxation process assigned to localized fluctuations of the polar maleic anhydride groups [54] .
CONCLUDING REMARKS
Low-field dielectric properties of nanocomposites consisting of neat LDPE or its co-continuous blends with SEBS family to which clay nanoparticles were added were studied in this work in a wide range of frequency and temperature. A commercially available masterbatch was used as the source of nanofiller, which consisted of 50 wt% LDPE, 31% montmorillonite clay and 19% organic modifier. The masterbatch was diluted to form desired concentrations of nanofiller. The dielectric spectra were fitted with at least two terms of Havriliak-Negami function and, when needed, a charge fluctuation term to cover the low-frequency dispersion (DC conductivity + electrode polarization).
All the nanocomposites showed two dielectric relaxation processes, that were absent in neat LDPE, representing the charge trapping in the polarized domains (MWS) and the dipolar orientation. The dielectric behavior was shown to be thermally activated as the dielectric losses were unanimously moving to higher frequencies with the increase in temperature. The addition of 5 wt% MA compatibilizer slightly increased the dielectric loss while increasing the relaxation times due to the obtained further improvement in the dispersion of nanofiller. The low-frequency dispersion phenomenon was observed only in the nanocomposite containing the highest loading of clay accompanied by compatibilizer. This was explained to be related to increased charge carriers' fluctuations, either being immobilized in the interface of the specimen and metal electrode (electrode polarization) or leakage current through the specimen (DC conductivity) coming from the creation of a percolating network. The double peaks structure was also witnessed for the nanocomposites with the blend matrix. However, a new relaxation process was detected close to the dipolar relaxation. Comparing to the binary nanocomposites, the existence of this new process was believed to be related to the thermoplastic elastomer phase. Several speculations were presented to explain this phenomenon; however, the authors did not achieve a decisive explanation.
